Pulmonary artery intimal sarcoma is a rare disorder arising from the intima of the pulmonary artery. Histopathology reveals that it is a tumour cell of mesenchymal origin. The signs and symptoms include chronic shortness of breath and other features of right ventricular failure, which mimic chronic pulmonary thromboembolism. The definitive diagnosis can rarely be made based on the symptoms and signs alone, and other investigations including echocardiography, computed tomography, magnetic resonance imaging (MRI), and positron emission tomography (PET) are often required. The gold standard for diagnosis is tissue biopsy. The mainstay for treatment is surgery, and complete surgical resection with endarterectomy provides survival benefit. According to recent evidences, however, multimodal treatment provides better survival outcomes than monotherapy such as surgery alone. Despite the newer upcoming treatment strategies, patients with pulmonary intimal sarcoma continue to have a poor prognosis. We present a case of pulmonary artery intimal sarcoma and review the literature associated with the disease.
Introduction
Pulmonary artery intimal sarcoma is a rare disorder arising from the intimal wall of the pulmonary artery. As the tumour decreases the lumen of the pulmonary artery, patients usually present with symptoms and signs of right ventricular failure, and it has been often misdiagnosed as pulmonary thromboembolism. It is important to differentiate between the two entities. In this report, we present the case of a patient in whom the diagnosis of pulmonary artery sarcoma was made promptly and surgery was performed soon after.
Case Report
A 42-year-old woman presented with progressive shortness of breath for two months, accompanied by palpitation, pitting oedema, and fatigue. On the day of admission, she had an episode of presyncope. On physical examination, her vital signs showed a body temperature of 37 C, blood pressure of 157/103 mmHg, tachycardia with a heart rate of 126 bpm, and tachypnoea with a respiratory rate of 28 bmp. Her oxygen saturation (SpO 2 ) was only 86% in room air. There was a visibly engorged jugular vein, palpable right ventricular heave, pansystolic murmur at the tricuspid area, fine crackles bilaterally over the lungs, and pitting oedema of the lower limbs bilaterally. The D-dimer value was 1094.6 ng/mL (normal range < 500 ng/dL). Arterial blood gas values revealed respiratory alkalosis (pH: 7.46, partial pressure of carbon dioxide (pCO 2 ): 30 mmHg). Complete blood count, liver function tests, and renal function tests were normal. Chest X-ray showed cardiomegaly and bilateral pleural effusion. Electrocardiogram (EKG) revealed sinus tachycardia and right axial deviation. Echocardiography showed severe right ventricular systolic dysfunction, pulmonary artery hypertension, dilated right atrium, and dilated right ventricle. Considering the diagnosis of pulmonary thromboembolism, computed tomography (CT) was performed, which revealed nodular soft tissue-like filling defects in the pulmonary trunk and right pulmonary arteries with heterogeneous contrast enhancement ( Fig. 1 ). Pulmonary artery tumour was thus suspected; however, pulmonary embolism was not ruled out. Subsequent investigations revealed no risk of pulmonary embolism and no thrombus in the lower extremities on sonography, which favoured the diagnosis of pulmonary tumour.
The patient subsequently underwent surgical intervention with resection of the pulmonary artery mass for therapeutic management.
At surgery, frozen biopsy specimens obtained from the right main pulmonary artery revealed a pulmonary artery intimal sarcoma, and the patient then underwent resection of the tumour, resection of involved pulmonary artery, and reconstruction of the involved pulmonary artery with graft subsequently.
On macroscopic view, the specimen was a grey-whitish, solid, soft tissue mass measuring 10 × 5.3 × 3.1 cm. Histopathologically, it revealed a picture of abundant hyperchromatic spindle cells and pleomorphic cells with myxoid background. Immunohistochemical study of the neoplastic cells was positive for vimentin, actin, and MDM2. The morphology and immunohistochemistry (IHC) stain were compatible with the diagnosis of pulmonary artery intimal sarcoma (Fig. 2 ). However, the surgical margin could not be evaluated because of intraoperative tumour fragmentation.
After surgery, the patient received adjuvant chemotherapy with 6 cycles of combination chemotherapy regimen of epirubicin, ifosfamide, and mesna (MAI) regimen Q3W (epirubicin 60 MG/M2, ifosfamide 1.8 GM/M2, and mesna 0.36 GM/M2) as the chest CT showed residual tumour with direct compression over the graft. A series of subsequent chest CTs showed regression of the residual tumour and releasing of the compression.
Discussion
Pulmonary artery sarcoma is an extremely rare pulmonary malignancy. It was first described by Mandelstamm in 1923 [1] . Since then, around 400 cases have been reported [2, 3] . The reported mean age is 50 years [4] [5] [6] .
Pulmonary artery sarcoma arises from either the intimal wall or intramural wall of the pulmonary artery and can be accordingly classified into intimal and intramural sarcomas [7] . In intimal sarcomas as seen in our case, the microscopic examination reveals proliferation of spindle cells in a myxoid background with a high mitotic index and varying degrees of cellular pleomorphisms. It might be admixed with a focal lesion of a more differentiated sarcoma such as leiomyosarcoma, spindle cell sarcoma, rhabdomyosarcoma, chondrosarcoma, osteosarcoma, or angiosarcoma [7, 8] . Due to the finding of a more differentiated sarcoma, it has been hypothesized that the intimal sarcoma develops from the pluripotent mesenchymal cells of the intimal artery, which have a potential for multidirectional differentiation [9] . Immunohistochemically, vimentin, smooth muscle actin (SMA), desmin, actin, and an endothelial cell marker such as CD31 might be expressed [8, 9] . The tumour also express MDM2 [3] . In our case, the morphological and immunohistochemical stain was compatible with the pattern of a sarcoma. Pulmonary intimal artery sarcoma occupies the lumen of pulmonary artery and results in right ventricular dysfunction. Symptoms and signs of chronic right ventricular failure are expected. The most common symptoms of pulmonary artery sarcoma are insidious dyspnoea, which is a non-specific symptom and might be associated with other aetiologies of right ventricular failure. Other symptoms in cases of pulmonary artery sarcoma include tightness in the chest, cough, haemoptysis, and constitutional symptoms. Constitutional symptoms such as fever, fatigue, and weight loss are the features of malignancy. These could help in differentiating pulmonary artery sarcoma [10] from other aetiologies of right ventricular failure. However, physicians seldom establish a diagnosis of pulmonary intimal artery sarcoma based on symptoms alone. Other investigational modalities are usually required. From published studies, the modalities that have been used are echocardiography, CT, magnetic resonance imaging (MRI), and positron emission tomography (PET) [10] .
Transthoracic echocardiography provides information about pulmonary artery hypertension, pulmonary valve, and right ventricular function. Besides, when a mass is seen over the pulmonary valve, transthoracic echocardiography can indicate the involvement of the mass and reveal whether the mass moves with the heartbeat. However, detection of the involvement of pulmonary valve and right ventricle with the tumour depends on the operator's experience. In a cohort of nine patients, transthoracic echocardiography provided information about the functioning of the pulmonary valve and right ventricle. However, none of the cases were diagnosed as pulmonary artery sarcoma solely on echocardiography [10] . Other radiological modalities are therefore inevitably conducted for confirmation of the diagnosis.
The radiological features of pulmonary artery sarcoma are filling defect in the pulmonary artery lumen, extraluminal tumour invasion, and a nodular appearance. However, despite specific features, published studies have shown that more than half of the patients with pulmonary artery sarcoma are initially misdiagnosed as pulmonary thromboembolism [3, 6, 10] . Several studies have been conducted in an attempt to distinguish between the two entities. It has been reported that the CT morphology and location of the lesion help to distinguish between pulmonary artery sarcoma and chronic pulmonary thromboembolism. Pulmonary artery sarcomas are characterized by tumour deposits. Thus, the CT features are characteristic with expansive growth and a bulging appearance against the direction of blood flow, a lobulated structure at the proximal part of the tumours, a grape-like appearance at the distal end of the tumours, and heterogeneous enhancement [3, 10] . Pulmonary artery sarcoma can extend until the bifurcation of the pulmonary arteries, the main pulmonary artery, pulmonary valve, and right ventricular outflow tract [10] . In contrast, the proximal end of a chronic pulmonary thromboembolus is a straight and cup-like structure, caused by blood flow against the surface of blood clots [11] . Pulmonary thromboembolism often occurs in a peripheral pulmonary artery. It seldom occurs in the pulmonary trunk or in the pulmonary valve because of faster blood flow in these areas, as mentioned above [11] . The filling defect in the pulmonary trunk, pulmonary valve, and the right ventricle are clues to suspect pulmonary artery sarcoma. In our case, the presence of a nodular appearance at the proximal end of the tumour, the heterogeneous contrast enhancement and invasion of the pulmonary trunk aroused the suspicion of a sarcoma and prompted the decision for a surgery.
There are differences between pulmonary artery sarcoma and pulmonary thromboembolism on MRI [11] . The contrast MRI picture of a pulmonary artery sarcoma is a non-homogeneous delayed enhancement; this is not seen in pulmonary thromboembolism. The T2 signal is higher in a pulmonary artery sarcoma than in thromboembolism. However, patients with pulmonary artery sarcoma usually have dyspnoea and are barely able to hold their breath throughout the MRI procedure [3] .
18F-F-18 fluorodeoxyglucose (FDG) PET/CT is reported to help in differentiating pulmonary artery sarcoma from chronic thromboembolism based on the maximal standardized uptake value (SUVmax). The SUVmax of pulmonary artery sarcoma is significantly higher than that of pulmonary thromboembolism. At the cut-off value of 3.3, the sensitivity, specificity, and accuracy are reported to be 98.4%, 96.8%, and 97.8%, respectively [12] . The common cause for a false negative report is low cellularity of the lesion. Kriz et al. [13] and Lee et al. [14] reported cases with poor uptake of FDG in PET in patients with pulmonary intimal sarcoma. The histopathology of these cases showed highly malignant cells but with low cellularity and significant interstitial myxoid tissue type. Finally, PET had a benefit in establishing the pulmonary artery sarcoma staging.
The published treatment modalities include resection surgery, targeted therapy, radiotherapy, and chemotherapy. Complete surgical excision with pulmonary endarterectomy is recommended as it provides the best survival benefit [4, 5] . According to recent studies, multimodal treatment with adjuvant or neoadjuvant chemotherapy and/or radiotherapy might result in a favourable survival curve compared to monotherapy such as surgery alone [4, 6, 15, 16] . However, further studies are required to confirm the benefit. Chemotherapy regimens include adriamycin plus isosfamide, gemcitabine plus taxane, or dacerbazine [4] . As for targeted therapy, a multi-targeted receptor tyrosine kinase inhibitor, panzopanib, which was approved for advanced soft tissue sarcoma by the Food and Drug Administration (FDA), has been reported to be useful in treating pulmonary artery sarcoma. Kollár et al. [17] and Funatsu et al. [18] described a partial response of pulmonary artery sarcoma to panzopanib. Combination of radiotherapy and panzopanib as a second-line treatment was also described [15] . However, owing to the limited available evidence, their positive response over panzopanib alone warrants further evaluation.
In our case, there was residual tumour after the surgery, causing external compression. After adjuvant chemotherapy with epirubicin plus isosfamide, regression of the residual tumour was observed and there was release of external compression.
The prognosis of pulmonary artery sarcoma is very poor. The survival without treatment is only 1.5 months [5] . A study [4] reported that the median survival was prolonged to 36.5 AE 20.2 months with complete surgical resection versus 11 AE 3 months with incomplete surgical resection. The study also reported that the median survival was 24 AE 8 months for those with multimodal treatment compared to eight months with monotherapy.
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